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are speaking of coincidences, I accept them in their literal sense. 
These roots coincide, these terms and mythological facts coincide, 
because being the same, they cannot but coincide. Their point of 
departure, the idea they imply, the phenomena that accompany them, 
are identical, and they are based upon the same scientific principles. 
Only in this way can I accept for my thesis the word "coincidences." 
Alterum non datur. 

A PRAGMATIC ZOOLOGIST.* 

Andrea Giardina, in his recent work Le discipline zoologiche e 
la scienza generale delle forme or ganizzate f\ takes occasion, apropos 
of certain criticisms previously made by him regarding the regula
tion of biological studies in our universities, to expound certain of 
his ideas on the methodology of the various departments of biology. 

One of his main criticisms concerns the persistence of the dis
tinction made between the teaching of zoology and that of compara
tive anatomy: a distinction which seems to him unjustifiable on any 
count, theoretical or practical, and to be explained only on historical 
grounds. 

"To within a century the term 'zoology' applied exclusively to 
the study of the external forms of animals, and the best zoologists 
bent all their efforts to a careful investigation of the resemblances 
and differences of these outward forms; and zoology, outside of its 
bearings on the life and habits of animals, was a kind of compara
tive morphology confined wholly or largely to the exterior aspect 
of such organisms. Its main purpose was to elaborate a system of 
classification for animals which should be as simple as possible. 
The study of the internal organization, at first limited to man and. 
those animals nearest related to him, arose chiefly as a result of 
the needs of medical science and did not attain so early to the rank 
of comparative morphology. The anatomists and naturalists who 
turned their attention to the dissection of the lower animals were 
few, and began perforce with the study of isolated forms. Anatom
ical monographs were not, and are not, things lightly to be dashed 
off: they took much time and labor; so that it was only gradually 
that there was amassed a body of material comparable in richness 
and variety with what was already possessed by zoology for external 

•Translated from the Italian by Herbert D. Austin. This paper appeared 
originally in the Leonardo, Oct.-Dec, 1906. 

t Pavia, 1906. 
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forms. But as the material became more considerable the natural in
stinct of comparison soon applied itself to anatomical data, and upon 
the basis of zootomy there began to be founded a classification of the 
internal organs. This was called 'comparative anatomy.' Thus 
comparative anatomy has arisen independently of zoology, and this 
independence of origin is the main reason for the distinction between 
the two which has been perpetuated down to the present day." (Pp. 
9 and 10.) 

The traditional distinction thus established between the two 
does not correspond to any difference of ends and methods. The 
purpose of both is in fact the recognition of the similarities and 
differences between organisms, and their classification on that basis, 
and both attain this result by means of similar logical processes of 
comparison and analogy. "In the case of whole groups of animals 
it is quite impossible to make a classification except after careful 
anatomical investigation. Their systematic affinities are brought to 
light only by a knowledge of their embryonic and larval states, be
cause only in those states are found organs and characteristics which 
admit of legitimate and infallible comparison. How then would it 
be possible to classify these groups without consideration of their 
embryology? But it is not only in these extreme cases that system-
atization—which aims ultimately at the establishment of the degrees 
of similarity and of difference in the organisms, and which must 
therefore reach definite conclusions as to the real nature of these 
similarities and differences—must avail itself of all the instruments 
and methods which give us the most profound insight into the world 
of the living. The comparison must be extended to the minutest 
details of the organic structure—to the examination of the differ
ences between the tissues, the cells, and down to the most intimate 
structural and physiological processes, as for example the process 
of metabolism. Neither can the classification neglect the recent 
discoveries concerning hemolytic and precipitant serums, which re
veal a veritable blood-relationship between, for example, anthro
pomorphic apes and man, and a relationship of varying degree ac
cording to the animals compared." (Pp. 17 and 18.) 

To these considerations which lead to a recognition of the ad
visability of abolishing the existing pedagogical distinction between 
zoology and comparative anatomy, is contrasted the opinion of those 
biologists who consider it the specific task of comparative anatomy 
not only to classify and compare organisms but also to seek the 
causes of their similarities or differences and to explain them by 
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phylogenetic hypotheses and theories of the origin and variations 
of species. 

Giardina maintains, on the contrary, that the theory of heredity 
and the progress of phylogenetic studies have introduced no change 
into the immediate end or into the method of anatomical research 
or that of comparative morphology. "We do not now, nor did we 
ever, collocate two organisms in the system of classification because 
of a relationship already demonstrated; but rather we infer as prob
able a certain degree of relationship because comparative morphol
ogy, for an entirely different order of reasons, has placed them side 
by side in the system. The search for a given family-tree, also, is 
founded upon a putting in evidence, so far as is possible, of the 
similarities and differences between the individuals. The first point 
reached is ever an artificial provisional system of classification, but 
one which approaches the natural more and more as a greater num
ber of forms and processes cooperate in its determination. The only 
additional and novel step then taken is the transcription of the re
sults of systematic research into a slightly different language, in 
which certain terms of resemblance are translated into terms of 
succession and relationship. This step, philosophically considered, 
is of the greatest importance; and this explains the enthusiasm and 
number of investigators who have attacked the new problems. But 
while phylogeny has given a tremendous impetus to investigation 
in comparative morphology it has not at all changed the methods of 
research. There is no method peculiar to phylogeny. We have all 
learned, for example, that the method of comparative morphology 
is to discover homologies between organs. According to the mod
ern transformist theories homologous organs are those which can 
be considered as derived from one and the same primitive organ, 
for example the upper limb of a man, the wing of a fowl, or the 
pectoral fins of a fish. We should err greatly if we thought that in 
this definition we had found a short-cut to the establishing of homol
ogies; we should fare badly indeed if armed with such a definition 
we tried to make even one such determination. The difficulties in 
the way of the apprehension of homologies has continued un
changed: for us as for our predecessors the criterion is the most 
exhaustive examination possible of the organs to be compared. It 
is necessary to examine not only their external form and their rela
tive position in the body, but also their internal structure and their 
relation to all the other groups of organs, to the vessels, or to the 
skeleton,—and, more than this, to study their manner of develop-
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ment: as to the time of their appearance, their relative position, 
their inception from this or that germ-leaf, and so on." (Pp. 21-23.) 

* * * 

In qualifying the scope of comparative anatomy as exclusively 
descriptive, comparative and classificative, Giardina is nevertheless 
far from denying that biologists ought to concern themselves with 
the search for causes, or what he calls "causal explanations," of the 
characteristics and tranformations of organisms. What he affirms 
is merely that this task is to be reserved to those new branches of 
biological research (as, for example, the mechanics of development) 
which are characterized by the use of experimentation, understood in 
the most usual sense as consisting in the artificial production, op
tionally repeatable, of the facts or processes under consideration. 

This tendency to make the distinction between the search for 
causes and that for resemblances coincide in a way with the dis
tinction between experimentation and simple observation, cannot 
fail to appeal to those students of philosophy who, like the prag-
matists, conceive the search for causes as not differing from the 
search after means which are calculated to induce or to impede 
given conditions. 

It seems to me, however, that the statements of the author in 
this regard are somewhat open to criticism and that they should 
not be accepted without some reservation. More than once the 
idea is suggested, perhaps unintentionally, that to experimentation, 
understood in the sense above, is to be conceded less of importance 
as a means of classification—or of determining the sinjilarities or 
differences between the things classified—than to observation prop
erly so-called. 

Now, not only in biology but also in chemistry and in physics 
and in every other branch of scientific research, the properties most 
important as criteria for classification and those which are most 
fittingly employed for the construction and delimitation of the vari
ous species or groups of objects or facts which are under considera
tion are not—and Giardina indeed notes this—exclusively, nor even 
principally, those which are accessible to direct observation unac
companied by any active intervention on the part of the observer in 
inducing their appearance. Those very instruments which we call 
"instruments of observation," from the most simple such as the 
balance and the thermometer to the more complex, inasmuch as they 
are means of inducing or constraining bodies to produce effects 
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which they would not manifest spontaneously, and the production 
of which effects depends upon certain operations which we do upon 
said bodies (as transportation, contact, immersion etc.), can be re
garded as true "instruments of experimentation" in the strictest 
sense. There is no doubt that if the division of labor did not enforce 
the distinction between the person who constructs a barometer, for 
example, and the one who uses it—still more so if the instrument 
were such as to require reconstruction for each new "observation" 
—there would be no hesitation in characterizing its use as an "ex
periment." 

Again, it seems to me that the distinction between instruments 
which serve to bring within our range phenomena which already 
exist (for example a telescope or an ear-trumpet) and instruments 
which themselves produce the phenomena observed, should not be 
taken too literally. The majority of the conditions which we say 
exist, exist in fact only in the sense that we expect them, or believe 
them to be realizable, in given circumstances: thus the greater part 
of what we call the "properties" of a body—its hardness, mass, elas
ticity, etc.—refer, not to directly observable aspects of that body, 
but to reactions of the body itself when subjected to a certain 
"treatment." 

Even the process of measurement, comparative par excellence, 
—the search for the dimensions of a body—consists much less in a 
recognition of similarities or differences than in the performance of 
operations upon the body to be measured and upon the units of 
measurement: operations which can become very complicated in 
case a certain degree of exactness is sought, as for example in 
geodetic measurements. 

One of the most general of the characteristics of scientific 
progress is this very tendency to substitute, for classifications 
founded on external and more patent resemblances and differences 
of the objects or processes studied, other classifications which are 
based instead on similarities or differences which are manifested 
only when the things studied are subjected to definite operations 
and are obliged to act or react in artificially produced circumstances. 

From this tendency, heretofore manifested especially in the 
sciences of physics and chemistry, there is no reason to believe that 
the biological sciences ought to be or can be exempt. It is for this 
reason that I find it hard to justify the distinction which Giardina 
would wish to emphasize between those branches of biology whose 
immediate field is the comparison and classification of organisms 
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and those whose object is the experimental study of the various 
modes of action or transformation in organisms in response to given 
stimuli or external conditions. 

Considering therefore that the action or intervention of the 
scientist in the production of the facts which he studies has a no less 
important part in that which may be called the "descriptive" or 
"classificatory" phase of research than it has in the phase in which 
the causes or explanations are sought, it does not seem to me that 
the presence or absence of such intervention can constitute a differ
ential characteristic upon which to base a distinction between the 
various branches of scientific research which refer to one and the 
same subject. 

* * * 

Among the arguments adduced by Giardina in support of the 
distinction between the divisions of biology which have a purely 
classificatory scope and those to which he reserves the epithet of 
"experimental" there is one on which he insists with particular 
emphasis. This he formulates by saying that as regards questions of 
genealogical dependence and the theories of transformation of spe
cies, mere observation and comparison of the facts does not lead 
to anything more reliable than more or less probable conjectures, 
while satisfactory conclusions can be reached only by having re
course to "experimental sanction." 

In this case, too, it seems to me that the author's opinion is 
hardly sustained by an examination of the facts in other fields of 
scientific research. Astronomy, for example, which by the reliabil
ity and precision of its predictions merits to be regarded as almost 
the type of the sciences which arrive at reliable conclusions, cer
tainly does not owe this prerogative to experiment, understood in 
the sense which he gives to the word. 

If, on the other hand, we follow CI. Bernard, or Jevons, in 
extending the concept of "experiment" to coincide with a process in 
which observation is preceded by deductive elaborations or anticipa
tory hypotheses, where facts are invoked to act as arbiters or means 
of elimination, we can then easily qualify even astronomy as an ex
perimental science; but we must at the same time recognize the 
experimental character of the greater part of the so-called "com
parative" sciences, from anatomy to glossology; inasmuch as in these 
too we are continually confronted by the presence of investigations 
undertaken for, and directed to, the purpose of obtaining a cor-
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roboration of some theory or hypothesis suggested by a comparison 
between facts previously observed. But this is certainly not the 
sense which the author means to attribute to the word "experiment" 
when he opposes, for example, the mechanics of development to the 
other branches of biology. 

* * * 

Nor do I see how it is possible to uphold Giardina in his ap
parent intention to attribute to experimentation, understood in the 
sense given above, the possession of a peculiar prerogative as a 
means of reaching what he calls "causal explanations," or of recog
nizing the reasons for the laws and the uniformities which facts 
present. 

This distinction between causal and non-causal explanations 
seems to me in itself unfounded. I can hardly see what explanations 
there are beyond those which recognize the dependence of the facts 
or laws to be explained upon others more general from which they 
proceed as consequences. Though commonly considered as more 
"causal" than any others, the explanations furnished by the science 
of mechanics have no significance beyond that which has just been 
stated. 

The tendency shown by Giardina, along with a whole school of 
epistemological philosophers and theorists, to attribute to the ex
planations of mechanics the possession of a peculiar "rationality," 
as if they alone referred facts to their true causes, has been justly 
characterized as one aspect of the general tendency of the human 
mind to accept as innate and to regard as not needing further ex
planation only those facts or laws which relate to our most habitual 
experiences and which come to seem to us, on account of their fre
quency and familiarity, more "natural" than others—a tendency 
which, as Guastella has remarked recently (in his Saggi sulla teoria 
delta conoscenza), leads to the implicit postulates upon which are 
based most systems of metaphysics. 

It must be noted too that the prestige which has been given to 
the explanations of mechanics as compared with other kinds has 
been furthered by the fact that the conditions or causes therein con
sidered (movement, flection etc.) are the very ones most subject to 
voluntary control—the only ones in reality that we can directly 
dominate. 

This is furthermore confirmed by the fact that in this very field 
of mechanics as we pass from explanations which (like those con-
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cerning equilibrium, or the action of bodies in contact) connote re
lations analogous to those which subsist between our bodies and the 
things which we touch or move,—as we pass from these explanations 
to those in which we appeal to the more general laws of motion (e. g., 
the principle of virtual work, or Newton's laws), any impression of 
a difference in "nature" or rationality between mechanical explana
tions and others disappears completely. 

In this connection, a curious fact which has been noted as 
worthy the attention of the psychologists of knowledge is the con
trast between the attitude of the students of the mechanical and 
physical sciences and that of the biologists, as regards their esti
mate of the scope and logical character of their respective fields of 
research. 

Just at the time when the biologists were being led by their 
enthusiasm for their discoveries in the genealogical relations of 
species to regard biology as a science now prepared to pass from the 
purely descriptive and classificatory stage to that of a science capable 
of assigning the causes and giving the explanation of the facts in 
its domain, the students of mechanics were emerging from an evolu
tion in exactly the opposite direction. The nature of this new atti
tude can be summed up in the well-known words of Kirchhoff: that 
the sole end of mechanics is to describe, as simply, completely and 
conveniently as possible, the actual motions of bodies; and that every 
theory, law or hypothesis of mechanics is nothing more than a means 
to this end and has no value or meaning except as it serves to attain 
to this end. 

The reason for this contrast is to be found more than in any
thing else, it seems to me, in the fact that students of mechanics, 
either because of the greater simplicity of the relations studied or on 
account of the special intellectual preparation which studies in their 
field demand, have found themselves prepared earlier than any 
other class of scientists to analyze thoroughly the logical processes 
which they employ. They have thus been the first to recognize the 
fact that explanation is merely a means of "indirect description" 
(Mach)—to realize that between the search for the "why" and the 
search for the "how" there is no difference but one of degree. So 
that in this respect, and with regard to the ends and scope of their 
researches in general, the biologists are to a large extent still in 
bondage to certain views connected with metaphysical theories 
whose influence they consciously or unconsciously undergo; while 
the students of the mathematical and physical sciences have attained, 
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unaided, and almost independently of any direct influence by philo
sophical speculations, to a concept of "cause" and "explanation" 
differing little from that which is represented in the field of philos
ophy by the analyses of Hume: that is, to conceive of the search 
for causes, not as a search distinguishable from the search for simi
larities and differences or from the processes of pure classification, 
but rather as a search for certain special similarities (those which 
exist between the various orders of succession among facts) and for 
certain special classifications (those based upon a recognition of the 
rhythms or periods which such special similarities permit us to 
establish). 

Giardina's book, besides the features to which I have referred, 
seems to me interesting also as symptomatic of the growing partici
pation of the biologists in those new conceptions which have led the 
physicists and the student of mechanics to a clearer and more exact 
recognition of the character and scope of the theories and hypotheses 
of which they make use. 

Though we may not be disposed to accept without some reser
vation the conclusions reached, or at least suggested and at times 
implied, by our author, as regards this last consideration, we must 
concede him the merit of having stated the questions clearly and of 
having greatly furthered their discussion in Italy; as has Driesch, 
among others, in Germany. 

One of the best pages in the book is the concluding discussion 
of "causal inferences." In this the pragmatic conception of scientific 
theories as expressions of conditioned expectation or instruments 
for the forecasting of possible experiments is expounded with great 
clearness and accuracy: 

"To every causal inference corresponds always an experiment, 
either actual or possible, or even simply thinkable. When we say, 
for example, that probably the well-known asymmetry of the soles 
depends upon an adaptation to their life at the bottom of the sea 
and upon the habit arising in this species, or in their progenitors, of 
lying on one side upon the opaque bottom (a habit useful for many 
reasons),—in such a statement we are unconsciously making experi
ments—ideal experiments. In fact, in the ultimate analysis, we are 
simply making the following affirmation: that if we by any means 
could have prevented the progenitors of the Pleuronectidae from 
going to the bottom, there would not have arisen any asymmetrical 
forms with the characteristics of the existing Pleuronectidae;—or 
again, once those progenitors had sunk to the bottom, if we had been 
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able to make them live on a transparent instead of an opaque bottom 
probably the migration of the eye, so characteristic of the species, 
would not have taken place. 

"Thus when Darwin conceived the theory of natural selection, 
which is one of the causal explanations of the origin of new species 
from other pre-existing species, he did nothing after all but affirm 
as probable, by analogy with the results of artificial selection, that if 
he had had the means of altering any one of the internal or external 
conditions of life in an animal species and had been able to ascertain 
exactly, or even approximately, what were the useful properties 
and what the characteristics harmful to the species under the new 
conditions, he would have effected the gradual elimination of the in
dividuals presenting in more marked form the harmful characteris
tics and a persistence of the individuals where the useful character
istics were more pronounced; and he would have been able to effect 
the elimination of the intermediate type of the species and the con
stitution of a new variety or species having in preponderance the 
more useful characteristics and therefore embodying in a maximum 
degree those adaptations which had been up to then interpreted as 
the expression of a finality of nature. The theory of selection thus 
resolves itself into a complex of experiments—conceptually, if not 
practically, possible." (P. 52.) 

GIOVANNI VAILATI. 

WILLIAM THOMSON, LORD KELVIN. 

Sir William Thomson, who at the height of his fame was 
created the first Lord Kelvin, has died recently in his eighty-fourth 
year. He was one of the greatest mathematicians and physicists of all 
ages, and his views may be considered as the conservative scientific 
conception of the present age which just now is being vigorously 
attacked with more or less success by a fraction of the rising 
generation. He was born at Belfast, Ireland, June, 1824, and was 
appointed professor of natural history at the University of Glasgow 
in 1846. He held that chair until the close of his life. His in
vestigations in the domains of mechanics, electricity, heat, mag
netism, belong to the best scientific works of our age. His little 
textbook, An Elementary Treatise on Natural Philosophy, which 
he elaborated in company with P. G. Tait, has become a classic, 
and there is no one who has studied the subject but has used it in his 
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